In Fig. 3 we see that both Miller and Kihuchi find appreciable photostar yields at the assumed threshold of 148 Mev. Kikuchi's data rise more rapidly than the predictions of the mechanism of Sec. II. ) =4&&10 -" cm and ) =8X10 " cm predict approximately the same values of S(E).
'A=4)&10 " cm. and ) =8&10 -" cm do not diRer greatly.
The values of S(E) predicted by the mechanism of Sec. II agrees well with the observed S(E) for the heavy element group, but is much smaller than the observed S (E) for the light element group. The observed S(E) may very well result from a superposition of two mechanisms, one of which is that of Sec. II, the other giving photo star cross sections which vary as A.
Perhaps the deuteron model of Levinger" provides this second mechanism.
IV. CONCLUSION
The mesonic mechanism of Sec. II predicts a large part of the yield of photostars with three and more prongs for elements A&80, but only a small fraction of the yield for elements A &15.
The results found in Sec. II do not diRer greatly from results based on the optical model, using Eq. (1), and using formula (5) from Fernbach, Serber, and Taylor" for o. ,b,. The fact that virtual mesons play only a small role in the mechanism accounts for this agreement.
I am grateful to Professor K. M. Watson for suggesting this problem and for his interest and guidance during its consideration.
"J.S. Levinger, Phys. Rev. 84, 43 (1951) .
"Fernbach, Serber, and Tayior, Phys. Rev. 75, 1352 (1949 The angular distribution of pions scattered by liquid hydrogen has been studied using the collimated pion beams from the Chicago synchrocyclotron. Differential cross sections have been measured for the laboratory angles 45, 90', and 135' for positive pions of energies 78 Mev, 110Mev, and 135 Mev, and for negative pions of 120 Mev and 144 Mev. For negative pions, separate results were obtained for the elastic scattering and for the charge exchange scattering. The scattering of positive pions and charge exchange scattering of negative pions show a larger intensity in the backward direction. The elastic scattering of negative pions is mostly forward.
The results have been interpreted in terms of phase shift analysis on the assumption that the scattering is mainly due to states of isotopic spins -, ' and -, ' and angular momenta s~, py and pg.
The experimental results are represented quite accurately by the following phase shifts expressed in degrees for the angular momentum states in the order indicated above: at 120 Mev, phd, se shifts %15, &4, &30 for isotopic spin g and &9, W3,~2 for isotopic spin -, '; at 135 ' Anderson, Fermi, Long, Martin, and Nagle, Phys. Rev. 85, 934 (1952) .
' Anderson, Fermi, Long; and Nagle, Phys. Rev. 85, 936 (1952) . ' Anderson, Fermi, Nagle, and Yodh, Phys. Rev. 86, 793 (1952) . tion counter techniques. This is a report on the progress of this investigation.
I. EXPERIMENTAL ARRANGEMENT
The pions are produced by a 450-Mev proton beam striking a beryllium target inside the cyclotron. Negative pions emitted in the forward direction are bent outward by the cyclotron magnetic 6eld and emerge through a thin aluminum window from the vacuum chamber of the machine. A certain amount of focusing takes place, so that a sizeable fraction of the pions of given energy leave the cyclotron in a fairly parallel beam. The 12-foot thick steel and concrete shield which separates, the cyclotron from the experiment room has channels cut through it to accept a number of these beams with different energies.
On the experiment side of the shield a sector magnet deQects the pions through an, angle of about 45'. The beam is purified thereby from most of the unwanted radiation (mostly neutrons) which comes through the channel.
Positive pions are obtained by reversing the direction of both the cyclotron and the deflecting magnetic fields. The proton beam in the cyclotron then circulat;es counterclockwise, and the positive pions which are emitted backward from this direction follow the same trajectories and have the same energy as their negative counterparts. The backward emission is unfavorable and the intensity of the positive pions which is obtained in this way is much smaller than that of the negatives.
The general arrangement is shown in Fig. 1 
II. SCINTILLATION COUNTERS
Liquid scintillation counters were found convenient in this work because they can be made with. large areas of sensitivity over which their response is quite uniform.
Their speed is quite high (6X10 ' second). The use of low density and low Z materials makes the absorption and scattering of pions in them tolerably small. The design of the 2-in. scintillation cell is shown in Fig. 2 The energy of the primary pions is known approximately from the channel through which they pass. These channels were laid out according to a rather detailed study of the trajectories of the pions of different energy. The channel energy is only nominal, however, because it depends on the target position and on the value of the cyclotron magnetic field, and these are not always precisely reproduced. The uncorrected mean ranges from the curve are 38.4 and 59.8 g/cm' copper.
In order to compute the energy of the pions in the center of the liquid hydrogen, one must correct these ranges, on account of the different amount of absorbers present in the absorption measurement and in the scattering experiment. The range is finally converted to energy using the range energy tables for protons given polyethylene, were interposed in the beam in front of the liquid hydrogen cell. In Fig. 8 In Table VII are collected the values of the di8er-ential cross sections in the laboratory and in the centerof-mass frames of reference.
As an over-all check the total cross sections obtained by integration from the data of Table VII Table IX .
The probability of observing a photon without the lead radiator computed for the average energy photon emerging in the various directions and for the actual thickness of material traversed was in all cases about 4 percent, and this value has been adopted in Table V .
With the lead radiator in place (7.36 g/cm'), the probability of pair formation is greatly increased. For example, for 90-Mev photons, it is 51 percent.
The probability of pair formation, however, gives only a rough indication of the efficiency. There are primarily two reasons for this, namely, absorption of the electrons and effect of the multiple scattering. The erst eRect leads to a reduction, the second to an increase in efficiency. In order to understand the reason for the increase, we observe that if a single particle and not a pair were produced in the materialization, the eRect of the multiple scattering would be cancelled in first approximation because some particles would be scattered If a pair is formed, the probability q of observing the positron of the pair will be obtained by multiplying the probability that the positron of the pair escapes the lead with sufhcient energy to be counted times the probability that after multiple scattering the positron falls inside counter No. 4. There is, similarly, an equal probability q of observing the electron of the pair. The probability of observing the photon that has materialized is the probability of observing either the electron or the positron or both. This probability is given by q(2 -q). Multiplying this probability by the probability of materialization of the photon, one obtains the probability of observing the photon. Integrating this probability over the area, one obtains an effective area of counter No. 4. We define the eKciency as the ratio of the eRective to the true area of the counter. The geometry is slightly diferent at 90' and at 45' and 135'.
The computed efficiencies are given in Table X . It is seen that the efficiency has an appreciable energy dependence. The mean energy of the photons produced by neutral pion decay in the scattering experiment depends on the energy of the primaries and the scattering angle as is given in Table ' Tables II and VII. "Panofsky, Aamodt, and Hadley, Phys. Rev. 81, 565 (1951) , computed by linear interpolation from the data of Table X and are given in Table V. An attempt was made to obtain an experimental confirmation of the results of the eKciency calculation described. in this section. This is done by an absolute measurement of the sensitivity of the detecting counters Xo. 3 and No. . 4 to the gamma-rays emitted in the Panofsky efI'ect. In Fig. 8 the ratio of quadruple to double coincidences is plotted versus the thicknesses of absorber for the geometry represented in Fig. 7 . By integration of the curve of Fig. 8 Table X the eKciency was found, in excellent agreement, to be 0.57. The calculation of these coefficients for the charge exchange scattering is complicated by the fact that the direct measurement gives the cross section for the production of gamma-rays, and the angular distribution of these divers somewhat from that of the neutral pions which decay into them.
The problem can be solved by imagining the angular distribution of the neutral pions in the center-of-mass system to be analyzed into spherical harmonics. Each spherical harmonic component in the original distribution of the neutral pions gives rise, in the gamma-ray distribution, to a component proportional to the same spherical harmonic multiplied by a constant coeKcient. 
for spherical harmonics of order two. In the above equations p and p are the momentum and the total energy of the neutral pion in the center-of-mass system, in units of p, oc and poc', respectively.
Writing (5) for neutral pions as the sum of spherical harmonics o+ sc+k cosy+c(cos'-x --, '),
and applying the above coefficients, the angular distribution for the~' gamma-rays in the center-of-mass system is found to be dog/d(a= 28+ s(2 -ks)c+krk cosx+ksc cos X. (9) It is seen that the gamma-rays originating from the x' decay also have an angular distribution of the type (5) and one can readily compute the coefficients for the angular distribution of the neutral pions from the measured coefFicients for the angular distribution of the photons. 8"=s(es+2er); A~e --(W2/9) (ess -est+2ers -2ett); A"= (1/9)(2ess+est+4ets+2etr); (11) s~~(es e]); A-e=(2/9)(ess est e&s+ell);
A"= (V2/9)(2ess+est -2ets -err). That this is not so, is evident. from a direct inspection of the cross sections which shows that the angular distribution for the scattering of positive pions and that of negative pions with charge exchange is mostly backward, whereas the elastic scattering of negative pions is mostly forward. Apparently this difference in angular distribution is due primarily to the phase shift n& of isotopic spin~which is the largest phase shift with isotopic spin diGerent from~.
On the assumption that the first solution is correct, the largest phase shift is 0. 33 
